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                                Abstract 
               On the assumption that the temperature gradient with height varies in 
         the cource of a day, the calculations are made about the ion production rate and 
         the electron density. The variation of the ion production rate in the  F2-region is 
         almost contrary to that shown by  CHAPMAN, whereas in the E- or  17-region 
         the variation shows the CHAPMAN'S mode. The  anornarous variation of the 
         maximum electron density in the F2-region on the equator, at equinox, is
         explained by the changes of the temperature gradient. It is also noted, however, 
         that the total number of electrons in the F2-region is proportional to  cos X. A 
         brief discussion is made to distinguish the solar tide from the solar  heating. 
 I. Introduction 
   It is well known that the behaviours of the  F and Fl layers  are subjected directly to 
the law deduced by CHAPMAN [1]. On the other hand, the F2 layer  sl  ows many 
anomalous variaticns. Considering the heating effect of the sun, APPLETON [2] and 
HULBURT [3] attempted to explain the diurnal and seasonal variations of  the F2 layer. 
Unfortunately, as they did not take into account of the effect on the ion production rate, 
they could not successfully complete the explanation. Recently, MARTYN [4, 5, 6] 
established the theory of the tidal phenomena in the ionosphere, which seems to ex-
plain some of these anomailes. These phenomena, howerver, are partly due to the solar 
heating effect, and the effect on the ion production rate had to  he necessarily taken into 
account. According to BATES [7], the high temperature in the upper atmosphere was 
attributed to the unobserved ionization, and the lower boundary of  this  ionizing region 
is very sharp. Therefore, the temperature  gAdient may be changed considerably 
according to the variation of  the unobserved ionization. 
   It may be noted that LEPECHINSKY  [8]worked out the  effect of the mean temperature 
variation on the ion production rate, and GREDHILL and  SZENDRFI [9] took into account 
of the linear temperature gradient in the upper atmosphere in their F2 layer  formation 
theory. For further progress, introducing the  systematic  variation of the temperature 
gradient, it is neccessary to extend these theoretical analyses more quantitatively in order 
to be consistent with the observations.  In this paper, some extensive conclusions 
concerning the formation of the ionospheric layers are drawn. 
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2. The Temperature in the Upper Atmosphere 
    The distribution of the temperature in the upper atmosphere is quite essential for this 
study. Unfortunately, we have not the complete knowledge about it. However, some 
restrictive informations are given by the direct and indirect observations such as rocket 
measurement, auroral spectrum,  reflection of radio wave and meteoric measurement. 
According to these observations, it is shown that there is a positive gradient of the 
temperature in the upper atmosphere above 80km in height.  Available informations 
compiled and tabulated by PENNEDORF and STRANZ [10] are  reproducded in Table 1, and 
some of the recent informations are supplemented by the author. 
                      Table 1. The temperature in the upper atmosphere
 E layer  Fl layer  F2  laver 
 (100  km)  (200-250  km)  (350  km) 
 MARIS (1936)   373°K 
 MULLER (1935)   370°K 
 Fuc  Hs (1936)    400-10O0°K  1400.-l900°K 
   MARTYN  PULLEY (1936)    300°K 1200°K 
 APPLETON (1936)   100°K 1200°K 
  GODFREY  r!:PRICE (1937)   1200°K 
 DAs (1938)    1000°K 1000°K 
  SENDA (1938)    1400-2000°K 
 BIIAR (1938)    300°K 600°K 
   APPLETON (1939)   385°K  700-1300°K 
 PENNDORF (1940)    308.-375°K  437,,,  936°K 
  BATES  &MASSEY (1946) 500°K 1000°K  2000°K 
  MAEDA  (1950)   400°K 800°K 1000°K 
  BARAL & MITRA (1950)    500,-1400°K 
   GERSON (1952)   300°K 1500°K (Aug.)  2700°K  (Aug.) 
                                             1150°K (Jan.)  2000°K (Jan.) 
    The Rocket  Fanel (1952)    240°K  (pn.=28  97) 906.6°K (m=28.97) 
 217.3°K  (m=26.66) 455.5°K  (m=14.55) 
  KALLMANN (1953)   240°K 615°K 
    Then, we divide the upper atmosphere into following three regions and consider the 
characteristics of each region  : 
               Region 1  80  M  130  km, 
                Region 2 130  — 160 km.
               Region 3  160  r  440 km.
    Region 1 : It has long been known that there is the minimum of the temperature 
at about 80 km in height. For simplicity, we assume that there is no change of the 
temperature and the air density at this. height. Summarizing the noctilucent clouds, 
 KUIPER [11] showed the evidence for this assumption. For the practical calculation, we 
use the following values for the temperature and the number of particles per c.c. at this 
height,  repsectively  ; 
 T,— 250 °K,  no  = 5 x  10'4/c.c. 
In the region between 80km and 130km in  height in  which the E layer stratifies, there is
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 a positive gradient of the temperature. The temperature distribution in this region is 
 shown in Fig. 1. 
    Region 2 : Recently, the 
rocket measurement showed that KM7,8 9  11  12 
 the temperature increases with  4oc 
height up to 160 km in height . 
 However, this gradient of  tem- 500 
 perature is much reduced when 
the dissociation of molecular 200 
oxygen is taken into account. 
WILKES [121 showed that the 
 100 diff
erence between the phases in 
the solar and lunar magnetic 
variations on quiet days could  t000  2000°  2500°K 
explained if a falling temperature Fig. 1 Assumed Temperature Variation at 
above the E region was assumed . each hour (at Equinox, on the Equator). 
                                               (The numbers indicate  the local time.)  In any case , the gradient is very 
smaller than we expected. Then , for the sake of convenience, it is assumed that the 
temperature is constant in the region between  130  km and  160  km in height . This 
assumption does  not affect greatly our results . 
    Region 3  : In the F2 region , the high temperature is shown by the various investi-
gation. Then we assume the positive gradient of the temperature in the region between 
160km and at  least 440km in height . From the evidence of the tidal phenomena in the F 
region, this gradient is supposed to vary considerably in the course of a day . This variation 
may be attributed to the variation of the amount of the solar energy . 
    It has been accepted that this high temperature is mainly due to the photo-ionization . 
However, it is also noticed that the solar energy responsible for the formation of the F2 
layer is not sufficient to maintain such a high temperature . BATES [7] attributed it to 
the unobserved ionization . 
    When the temperature gradient is  16°K/km , and heat flow can be expressed as 
Q =  K  dT  /  dh, Q 2.56 x  1011eV when K 4.1 x  103 according to  SPITzER  [141 and it is 
of possible order theoretically . 
3. Ion Production Rate 
  (a) Basic Formulae 
   The particle concentration n (number of molecules or atoms per c.c.) at the height 
h is given by the equation, 
                                        tilt                n nT0--exp(—  .S.4(1)                °Tkh oT' 
where  hi, = a datum level where the particle concentration is 
 no and the absolute temperature is  T0, 
                       T  = the temperature at the height h, 
                         m  = molecular mass of the active constituent,
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                           k = BOLTZMANN'Sconstant, 
                         g  = acceleration due to the gravity. 
 In an isothermal region, 
 T  =  To, (2) 
 so that 
               n noexp — To(hho) }, (3) 
 where 
                                mg  
                                       c      k 
 When the temperature increases linearly with height, 
        T  To+  y  (h---ho), (2') 
 where y is  the  temperature gradient, then ,the integration of (1) yields 
                       hh }--(1+ch)(31)             J2---no {1 +yT° 
 Under the condition of (2') ,the ion production rate at the height h is shown by GREDHILL 
 and  SZENDREJ [9] as  follow  : 
 no I.  h—\—(14-chi)no TOhh°  —ch 
 W+ Y To)exPt—S:TX (1+y, (4) 
 0 
 where  /.  — the intensity of the solar radiation before it has 
                                reached the  earth  's atmosphere, 
 13 atomic absorption coefficient, 
                          x solar zenith angle, 
                         w  = the energy absorbed by ionizing one molecule. 
 At the height  hmax at which the maximum production  q. occurs, 
                     1hmax—h )—ch  cos  XF(1 + yT o— 1 -I-                                              (5)
 where 
 F  C  /  (no  13  T  0)  • 
Then, we get  • 
 hmax  110 + T   [IF  cos  x(1 +    11. (6) 
 Substituting (6) into (4), we get 
                                               (1+y/c) 
 qmax   ° {F  cos  X  (1 +  )1 •  eXp  (1   )1 (7) 
  (b) Numerical values of the  coefficients 
    In this paragraph, we have a brief discussion about the numerical values of the 
 various  coefficients. in must be the molecular mass of the active constituent. However, 
 it is still uncertain as to which particular atmospheric constituents are ionized to form 
 each of the various layers. Then, it is adequate to use the mean moleuclar mass in this
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initial stage. From the ground level up to 80km in height , the mean molecular weight of 
the air is 29. Above this  level, the dissociation of  02 and  N2 should occur and reduce the 
mean molecular weight. On the assumption that molecular oxygen dissociates in the 
region between  80km and  120km in height and molecular nitrogen dissociates in the region 
between 130km and 250km, KALLMANN [13] calculated the mean molecular weight at each 
altitude in these regions. According to his results,  m  = 15.40 and 14.66 at the height of 
200km and 250km, respectively. From the studies on the dynamics in the upper 
atmosphere, there is a reason to conisder that in the F region the atmosphere  is of well 
mixed state, so that we use  m  = 15 in the F region under consideration . 
   According to SPITZER [141, the  intenity of the energy from the black body of  6000°K is 
order of 2  x  10  erg/cm"/sec at the wave length of 910A outsid the earth's atmosphere . 
The energy required for the ionization of atomic oxygen at the first stage is 13.5 eV. Thus, 
the flux of the solar quanta avaliable is 9.3  x108/cm2/sec . According to ALLEN [15], the 
number of quanta per  cm' per sec. outside the atmosphere is 2 .3 x  109 during the period 
of zero sunspot number. Therefore, we use usually the larger value than the theoretical 
 one., That is to say,  I„ must be larger than the radiation from the black body of 6000°K. 
    According to RAKSH1T  [16], the energy of the ionizing radiation in the frequency 
range from v to v+dv outside the atmosphere is 
                8nhv3 1                      1-
14 =(2!U  ,                                         7.veitv/kTi 
where  0, is the dilute factor, and  T1 is the temperature of the sun regarded as the black 
body. When  T1  = 6240°K,  Iv is ten times larger than that from the black body of 
6000°K. Thus, we are able to use reasonably this larger value of  9.2  x  109/cm2/sec for 
 I./w. 
    However, the present knowledge regarding the ultra-violet excess is far from certain. 
An attention must be drawn to  WOOLLEY'S consideration  [17] that such a high ultra-violet 
energy is not neccessary for the formation of the F2 layer, when the recombination 
coefficient is order of  10-11. 
 According to BATESand MASSEY [18], the absorption coefficient of atomic oxygen (when 
energy range of the incident quanta is 13.5 16.9 eV) is order of  10-18. So, we use the 
value of  2  x  10-18 for  fl. 
   In the F region under consideration, g is order of  SOO  cm/sec'. Then , substituting 
m  = 15 and k =  1.38  x  1016 erg/deg., we have 
 C = 16.2  deg./km. 
 (c) Single layer production 
   The results calculated from equations (7) and  (6) are shown in Figs. 2 and 3, 
respectively. From these figures, it is possible to discuss many interesting features of the 
temperature gradient effects. In general, it will be seen that the behaviours of the ion 
production rate and the height of maximum ion production are of CHAPMAN type even 
when y does not varies or. varies a little in the course of a day. However, maximum ion 
production rate is high when and  T, are small. 
1. Diurnal variation 
 It is assumed that temperature at the height of 130km (or 160km) varies with the
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  season and the latitude, as shown in Table 2. This is consistent with the evidence that 
  the temperature in the E region is higher in summer than in  winter  ; and further  higher 
  in low latitude than in high latitude. 
                  Table 2. Assumedvariation range of Eregion  temperature
` and  7    L
atitude Summer Equinox                                                                            Winter
       15°400--450°K 400°K.,..450°KI350,-400°K 2.7,-6.0 
       30° T400-,450°K 350,--400°K 350-..400°K  7  2.7-.-8.5 
 50°  400--450°K  350-400°K 350°K  y  4 .8.0  2.7,-4.5 
      Further, it is assumed that the variation of the temperature gradient is of cos x type 
  and its variation range is also shown in Table 2. The diurnal variation of  q.„ and  hmax,for 
  low (15°) ,middle (30°) and high (50°) latitude deduced from Figs. 2 and 3 are shown in 
  Figs. 4A, 4B and 4C. Low ion production rate and  upper shift of the layer about the noon 
  is clearly seen in  summer  ; and diurnal behaviour of  ("max and  hinax shows a quite different 
  feature from that of CHAPMAN'S layer. On the other hand, the steady increase of ion 
  production rate and low values of hmax can be seen in winter. At equinox, they show the 
  transition type variation. 
      BARAL and  MITRA [19] obtained the same characteristic trends of  gm., from the 
  ionospheric data over Calcutta. 
  2. Day-to-day inconsistency of the  maximum ionization 
      Ionospheric observations show that the profiles Of the variation of the  electron density 
  in the F2 layer differs considerably from day to day, even on a magnetically quiet day. 
  Moreover the electron density is not so symmetrical about the noon. 
      Deduction is performed to find how far the observed inconsistency may be explained 
  by supposing that the variations of the temperature and its gradient are not so regular as 
  cos x. For example, we  will examine this effect at equinox, in middle latitude. In the 
  Fig. 5A, the temperature gradient attains the maximum a little after. the noon, and in 
  Fig. 5B, it attains the maximum early in the morning. It is clear that  qmax is affected 
  sensitively by the temperature variation. 
      Formerly, APPLETON  [20] has given a method of determining the ion production rate 
  and the  recombination coefficient from the daily asymmetry variation of the electron 
  density. The method is based on the supposition that the ion production rate is the same 
  at two times equally spaced from the noon. However, this method can not  be so correct, 
  because the variation of the electron density affected by many factors such as the tidal 
  motion. MITRA  [21] took into  account of this effect. According above-mentioned 
  considerations, the temperature gradient effect, and consequently the variation of q, play 
  an important part for the asymmetry of diurnal variation of the electron density. 
      Therefore, this day-to-day inconsistency of the F2 layer maximum ionization and its 
 height seem to be interpreted as the  irregurarity of the temperature variation in the course 
  of a day. Abrupt large variation in the condition of the upper atmosphere is observed by 
  rocket measurement and this  is the evidence for the  conclusion,
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       Fig. 4 Diurnal variations of the maximum ion production rate and the height at 
           which it occurs, when the temperature gradient varies as cos X type, at latitudes 
            of 15°, 30°  and 50°, in each season, respectively. 
 4A  : Summer  4B  : Equinox  4C  : winter  . 
   It is showen by  JOHNSON [22] there is a remarkable phase lag of the diurnal tempe-
rature variation at the height of 70km. If this is the same at the F2 region, there may 
be unacceptable asymmetry for both  electron density and height variation. 
   In addition to this inconsistency, F2 layer exhibits a local change. This  also can be 
explained by  assuming the local change of the  temperature,
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    KM   
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 3. Annual double wave phenomenon at the equatorial stations 
    At the equatorial stations, the seasonal behaviour, concerning both the electron 
density and the height, of the F2 layer is of CHAPMAN type. This height variation of the 
F2 layer was detailed as the annual double wave phenomenon by  APPLETON [23]. It seems 
that this characteristic depends largely on the geomagnetic effect. However, this may 
also explained to some extent by considering that the temperature of the upper atmosphere 
above the equatorial stations is nearly constant at the noon all the year round. 
  (d) Double layer  _production 
    As the  results of Figs. 2 and 3, we can see that the behaviour of ionized layer is of 
CHAPMAN type when the variation of  2) is small. Therefore, to put this idea into a more 
definite form, it is assumed that the temperature gradient variation  of the Fl layer is in 
a small ratio than that of F2 region, that is, unobserved ionization occurs mainly at the 
 F2 region. 
    In this paragraph, the study is limited to the conditicn for the equator at equinoxes 
and  celculation is performed with five values of y  corresponding to 7hrs., 8hrs., 9hrs., 
 llhrs. and  12firs. The calculation is based on the assumption illustrated in the Fig.  1, 
The numerical values  of  the  coefficient  are  at  sunspot  maximum  condition  . 
 /bo  3  x  109/cm2/sec.  /„  lw  =  6.9  x  109/cm2/sec 
   Fl layer F2 layer 
 =  5  x  16—'9  =  4  x  10—" 
   This results are given in Figs.  6A and 6B. Depending on  y and x, ion production 
rate at the F2  region varies rather in a behaviour opposite to that which we expect from 
CHAPMAN'S law. On the other hand,  Fl layer shows CHAPMAN type variation. However, 
it may be noted here that the results are  not so remarkable as those of  LEPECHINSKY'S
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 Fig. 6 The  distribution of ion production rate with height 
                      at each hour (at equinox, on the equator). 
 GA  : F2 region  6B: Fl region 
theory. 
4. Effective Recombination Coefficient 
 (a) Formulae 
   According to  BATES and  MASSEY  [18], the relation between the effective recombination
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               235 
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            Fig. 7 The distribution of the electron density at each hour (at equinox, 
               on the equator). 
coefficient and the electron density may be expressed by the next equation 
                    dN  
 dt —  1  +  X (4N2 (8) 
where 
             1 dTdX   —  cc, ++ NT1T                           N (11+ X)  dt  ' (9) 
and 
                        N dTdN                               11,11               Tdt  flArn  
                 A —           kNn + pN —aeN2 (10) 
                       N = electron density, 
   — q = rate of ion production,  1+X 
 ttn rate of photo-ionization, 
 A = negative ion to electron ratio, 
 oce electronic recombination coefficient, 
 cci = ionic recombination coefficient, 
                      k  = collision detachment coefficient,
                       p = photo-detachment coefficient,
                         = attachment coefficient.
   Substituting (9) into (10) 
                            N 1  dx                        fliV
n  1  +X  ) di  
 X  — ply +  kNn  +q + ((xi —me)  N2  ' (11) 
where  dXIdt is small and can be  neglected and in  general,  ocis-  oce. After these simplifi-
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cations, (11) may be reduced as 
 1511\ln 
 —   
                    pN + kNu+ q + ail\12•(12) 
Further,  1INT•dTIcIt is order of  10-12 in our case and can be neglected in equation (9), 
so that (9) may be expressed as 
 aif3Nis  
 a  =  Xoci —(13)                              pAT+knArqa iN2 
 (b) Numerical value of the  coefficient 
    For further investigation, it is necessary to use the accurate value of  above-mentioned 
 coefficients. These values were fully considered  by BATES and MASSEY [19] but they are 
still far from certain. Thus, we use the  following values which is in the limits of the 
discussion  of  BATES and  MASSEY  ; 
                               k  10-12cc/sec,
                             p  = 0.3 /sec,
 ai  =  2x  10-6cc/sec. 
   According to  YONEZAWA  [241 and BRADBURY  [251, temperature dependency of 
effective recombination coefficient can be expressed 
 a,  a  = v'T 
where 
 = a constant 
                             T = absolute temperature  . 
As the temperature dependent coefficient is  /3 (attachment coefficient) it is assumed 
roughly that 
                             N  
where  n is a constant and assumed  2  x  10-13. 
   Introducing these numerical values into (12), it is clear that one can gain this 
expression with more simple  form 
 fin                           X —  (12') 
                    p + kn' 
                GC,: fin  (13') 
                             p + kn aiN" 
5. Formation of the Layers 
    From a series of consideration above, we can calculate the electron density with 
height. Fundamental equation is  (8) in § 4. 
 d111 
                       dtcf•N2
 According  to  AliTrA [261,  ‘711\71dt is an important term and can not be neglected and 
he  assumed.
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 dN 
                          dt IN . (14) 
Here, we use this relation following his consideration. 
   Substituting (13') and (14) into (8), we can get the next quadratic  equation 
 (oci  n  +  loci)  N2  (lp  knl  —  qc)  N  —  q  (p  +  kn.)  —  0 . (15) 
Taking q discussed in §3 (d) and assuming 1  10-4, we can calculate the electron density. 
Results are shown in Fig. 7. 
6. Diurnal Variation of the Electron density and the Height of Maximum 
   electron density and Others 
  (a) Maximum electron density 
   It is clearly seen from the Fig. 7 that the F2 layer exhibits pronounced noon 
depression and layer upper shift. On the other hand, Fl layer show steady increase of 
electron density. Variation of N show maximum at 9 hrs, and decreace steady towards 
the noon. 
  (b) hmax and hmin 
 hmax show steady increase from  8hrs. and hmin also show same trend less remarkable. 
This tendency make the layer thickness increase towards the noon. 
   The close relationship existing among the rise of temperature, upper shift of the layer, 
increasing of layer thickness and decreasing of maximum electron density established. 
It is most pronounced for the isothermal atmophere  (LEPECHINSKY'S theory). This is 
the same, though in less extent, in our  case. Analyzing statistically the ionospheric data, 
RATCLIFFE [27] obtained the same relation. However, it is  difficult to explain the 
increasing of 400km in the layer thickenss so far as the  Fl layer exists normally. 
  (c) Total number  of electron in a unit column 
    Recently, RATCLIFFE [27] obtained the fact that total electron number below the 
 max:mum electron density of the F2 layer in a unit column show close  relationship with 
solar zenith angle  x, even when  N. shows noon depression. This view is also supported 
 hmax 
by OSBORNE [28]. Thus, it is interesting to examine dh  . Rough numerical  inte-
                                                                  
.  hmin 
gration shows steady increase of total number with cos x below the height of maximum 
electron density except very slight dip at noon. 
  (d) Recombination coefficient 
    It is interesting to calculate  a inversely from the equation usually used N  a 
Calculation was performed at the height of maximum electron density at each hours. It 
is shown that  a is smaller in the daytime than in the night-time. According to BATES 
and MASSEY'S model ionosphere table,  cc is 8 x 10-11(day)                                    ( 3 ° night)so that, it varies by the 
factor of 4. 
    In general, it has been supposed that this variation occurs owing to the temperature 
rising in the daytime and the shift of the layer towards low recombination region.
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                          Table 3. Some data calculated (F2 layer) 
         hour 7hrs. 8hrs. 9hrs.  11hrs.  12hrs. 
   Height of  maximum N 360km  340kin 370km 400km 400km 
 (cc/sec) 124.2 248.2 242.4 223.7 210.2 
 N (x  105) 9.04 13.86 14.62 14.53 13.92 
   Total Electron content  ( x  1013)  0.50 0.80 1.24 1.38 1.37 
   Recombination  coefficient  (x 10 10) 1.52 1.29 1.29 1.05 1.08 
7. Discussion 
  (a) Thermal  expansion  hypothesis of the atmosphere 
    Formally, Appleton added the term  NIT.dT/dt to the equation (12), taking into 
account of the solar heating effect, so that the equation (12) is 
             dN  N  dr  
                  qdt-"N2 
This term expresses the variation of electron contents due to thermal expansion or 
contradiction of air (PANDE  [29j). However, as this term is order of unity and other terms 
are predominant in our case, we can neglect this  to m.  HULBURT [30] explained the F2 
layer anomaly assuming the thermal expansion of air accompanied by wind and diffusion 
by solar heating effect. However, it is clear from a series of consideration that far more 
temperature variation must be required than that of our case. On the other hand, q varies 
very sensitively with relatively small temperature variation. 
    In the case of seasonal variation of F2 layer, the ratio of electron density in summer 
and in winter may be experssed 
                       N,.\I  sin (8 + 8) T. aw  
                         N.-sin (0 -  3)  Ts  oc, 
Suffix s,  w mean summer and winter, respectively. 
When  as  ocw 
 N3  lT,„ 1  
 N.  'I 1.84 
  So,  Ts  /Tw 3.4 (APPLETON [31]) 
Further, when  cc  =  1/1/-7- (7  - electron temperature) and  7 = a T (a is a  constant) 
 N3  T„ 
 Ntv  Ts 
Thus,  Ts/Tw = 11 (MARTYN and PULLEY  [32D 
AN   dTppleton gav  7,  dtas the quantitative form for these relation.  When we are 
forced to explain by this term only the small ratio of electron density in summer than in 
winter, we must assume the temperature in summer and in winter is in the ratio of 11 : 1. 
 (b) Solar  tide and solar heating  effects 
   In general, it is difficult to isolate complitely the solar tidal movements from the 
ionospheric data statistically because of simultaneous occurence of solar heating and solar
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 gravitational attraction. Further, in the theoretical determination the behaviours of  Nmax 
 himax and  hmin by the tidal effect are far more complex . Therefore, it is very necessary to 
 investigate the  solar heating effect. In this preliminary stage, some phenomena which 
 may be of simultaneously  occur
_  ence are given here.  1
.  h.. and  hmin 
     From the ionospheric data ,  hmax and  hmin show strong semi-diurnal periodisity. For 
 smplification, we suppose that night-time  bebaviour of the F2 layer is  affected purely by 
 the tidal effect and daytime behaviour is the combination of solar heating effect and tidal 
 effect. In fact, night-time maximum is less pronounced than daytime  maximum . In our 
 case,  h.ax varies more remarkably than  hmin and variation of  limax is order of 60km and that 
 of  hmin is order of  19km. According to CHOUDHURY  [33],  //wax varies a little while  hmin 
 varies largely though it is night-time condition . Therefore, it is  difficult to obtain the 
 variation of due to purely tidal one. 
 2. 
    In the Fig. 5A, the temperature gradient attain a little later from noon. This may 
 show some trend of winter type temperature gradient variation . On the other hand, in 
5B temperature gradient attain early in the  morning  ; this may show summer type  one . 
 From the above consideration it may be said that seasonal swing of  N,„ about noon can be 
 explained to some extent assuming above-mentioned temperature variation . 
    This phenomenon has been attributed to tidal effect and detailed by MITRA  [21,  34]. 
 MARTYN  [6] obtained that this earier morning maximum become less remarkable at the 
 high latitude stations . This may also explained to some extent considering that at the 
heigh latitude heat loss become important relatively than  low latitude . So that small 
amount of solar energy can not make temperature maximum in the afternoon . Thus 
 N„, become symmetrical about noon. 
    On the other hand, at the heigh latitude cos x is large in summer in the late afternoon 
under the condition of relatively low temperature which be able to make late afternoon 
maximum. 
8. Conclusion 
    Under the assumption that the temperature gradient in the upper atmosphere varies 
in the cource of a day , the effects upon the ion production rate and the electron density 
are calculated in this paper . 
    (1) In low, middle and high latitudes, the diurnal variation of the maximum rate 
of ion production and the height of it are shown in the figures for  each season , respectively. 
These effects seem to explain the anomalous daily and seasonal variations of the electron 
density in the F2 layer . 
    (2) The distributions of the ion production rate with height for each hour on the 
equator at equinox are calculated . In the F2 layer, the variation of the distribution is 
almost contrary to that shown by CHAPMAN, whereas in the  Fl layer, it is similar to the 
 latter: 
    (3) Modifying the equation for the recombination deduced by BATES and  MASSEY, 
the electron density is calculated . In the F2 layer, the maximum electron density reaches 
its maximum value at 9 hrs., and decreases towards the noon. The height of the
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 maximum density is considerably higher at the noon than in the morning . However, the 
 total number of electrons increases steadily towards the noon. 
    (4) In the range of the change of the temperature, the theimal expansion is negligibly 
 small, but the effect on the ion production rate is sufficiently large to explain the curious 
 variation of the electron density in the F2 layer. 
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